New large neuroimaging studies, such as the ABCD and HCP Development studies are adopting a new T1-weighted imaging sequence with volumetric navigators (vNav) in favor of the more traditional 3-Dimensional Magnetization-Prepared Rapid Gradient-Echo Imaging (MPRAGE) sequence. In this study, we used a dataset of children (ages 5-21, N=366) from the Healthy Brain Network Initiative and directly compared the MPRAGE and vNav sequences to determine if the morphometric measurements obtained from both protocols are equivalent. Reliability and reproducibility were assessed with a subset of subjects (N=61) that performed two MPRAGE and two vNav sequences within the same imaging session, with one MPRAGE (MPRAGE1) and vNav (vNav1) pair at the beginning of the session and another pair (MPRAGE2 and vNav2) at the end of the session. We directly compared the two sequences in 6 quality control indexes from the Quality Assessment Protocol (QAP) toolbox. The MPRAGE sequence showed superior scores compared to the vNav sequence in 5 out of the 6 measurements. With morphometric measurements such as volume and cortical thickness, Intraclass correlation coefficients (ICC) scores show that reliability is the highest within the vNav sequences and lowest within the MPRAGE sequences. ICC scores were also higher for the MPRAGE1-vNav1 pair at the beginning of the session then the MPRAGE1-MPRAGE2 pair, possibly due to the higher motion in the MPRAGE2 run. Results also show that the vNav sequence is robust to a high head motion population, such as children. In conclusion, morphometric measurements evaluated here for the MPRAGE and vNav sequences can be directly compared, even though the MPRAGE showed superior scores in the quality control indexes.
Introduction
New technologies are constantly being developed to improve the quality of Magnetic Resonance Images (MRI). At the same time, this presents a large challenge to longitudinal studies that might be wary of changing methods mid-study. One of the most widely used MRI pulse sequences is the T1 weighted 3-Dimensional Magnetization-Prepared Rapid Gradient-Echo Imaging (3D MPRAGE or MPR) (Mugler and Brookeman 1990) . This ultrafast gradient echo 3D pulse sequence is used by a large fraction of neuroimaging researchers with Siemens MR equipment 1 because of its excellent contrast properties and capacity to collect reliable structural images (Wonderlick et al. 2009 ). MPRAGE can be considered as the basic acquisition protocol for brain morphometry studies 2 . As such, large neuroimaging studies such as the WU-Minn Human Connectome Project (HCP) (David C. Van Essen et al. 2013) , which is more recently referred to as the HCP Young-Adult (HCP-YA), the Rockland Sample (Nooner et al. 2012) , the UK BioBank (Sudlow et al. 2015) , and the Alzheimer's Disease Neuroimaging Initiative -ADNI (Jack et al. 2008) , all use the MPRAGE sequence to collect structural T1 images of the brain. There are some slight differences between sequence parameters, such as voxel size and TR/TI (see Table 1 ), but parameters are very similar across studies. In these large neuroimaging studies, researchers are fixated on maintaining the same sequence parameters across sites and throughout the duration of the study. Also, researchers with studies of smaller samples sizes will also prefer to use the same pulse sequences, so that their results can be compared to the larger studies. However, there are technological advancements that can occur during the data collection phase of the study such as the use prospective motion correction for structural scans (Tisdall et al. 2012 ) and even using multiband acquisition for fMRI scans (Feinberg et al. 2010) .
Even though the concept of prospective motion correction for MRIs is not something new (Thesen et al. 2000) , more recently several prospective motion correction methods have been proposed for acquiring structural and functional images (Godenschweger et al. 2016) . Prospective motion correction performs an adaptive update of the MR gradients during data acquisition by using navigators that can be used as references regarding the direction of the head motion. In particular, one technique developed by Tisdall et al. is a pulse sequence based on multi-echo MPRAGE (MEPRAGE) that collects Short 3D EPI volumetric navigators (vNavs) are that are embedded in a long 3D sequence (Tisdall et al. 2012 (Tisdall et al. , 2016 . Beyond using the EPI navigators to adjust the gradients, TRs that are detected to have a large quantity of motion are reacquired. The number of TRs that can be reacquired can be set by the operator. The vNav sequence has been widely adopted by research groups and more specifically, by large imaging studies (see Table 1 ). Other T1-weighted pulse sequences with prospective motion correction are also available in other platforms, such as PROMO on GE (N. White et al. 2010) .
The use of prospective motion correction pulse sequences can be used complementary to several other methods, such as training the subject in a mock scanner to get acclimated to the environment (de Bie et al. 2010) , movie watching can reduce motion (Vanderwal et al. 2015;  1 the equivalent of this sequence for GE machines is the 3-D Fast SPGR and for Philips is its 3D TFE 2 MPRAGE is the recommended sequence to be used by Freesurfer Greene et al. 2018 ) and other methods such as using head molds to reduce motion have also been proposed (Power et al. 2019) . Methods that quickly quantify the quality of the structural images have also been proposed (T. White et al. 2018) , so if necessary a structural scan can be repeated within the same session.
Head motion is a significant concern for neuroimaging studies, especially in pediatric studies (S. Y. Bookheimer 2000) . Head motion has been shown to significantly reduce gray matter volume and thickness estimates (Reuter et al. 2015) . Due to this concern, the longitudinal Adolescent Brain Cognitive Development (ABCD) Study (Casey et al. 2018 ) adopted the vNav sequence as its standard T1-weighted structural sequence. The Healthy Brain Network (HBN) study (Alexander et al. 2017 ) also adopted the new vNav sequence, while also maintaining the HCP style MPRAGE sequence due to concerns regarding reproducibility across sequences. The original HCP study (HCP-Young Adult) is a study that has already concluded its data acquisition, but the study now is being prolonged and continued through the HCP Lifespan Studies. The Lifespan Studies have all converted to collect structural imagen with vNav protocol. This includes the HCP Aging (HCP-A) (Susan Y. Bookheimer et al. 2019) for ages 36-100+ years old, the HCP Development (HCP-D) ) for ages 5-21 years old, and the Lifespan Baby Connectome Project (BCP) for children aged 0-5 years old (Howell et al. 2019) . For the HCP, the impact of the change from the MPRAGE to the vNav sequence has not been fully quantified (Harms et al. 2018) , in part, because few datasets contain a large enough sample size with MPRAGE and vNav in the same subjects. See Table 1 for details regarding T1-weighted structural sequences used in large neuroimaging studies.
Study
Pulse sequence Given that new large studies (i.e. HCP Lifespan and ABCD) are using the vNav sequence to collect their structural data, we raise a question; are the derivatives from the newer vNav sequence comparable to MPRAGE? Also, is there any difference in brain development measurements between the two sequences? In this study, we present quantifiable differences between the HCP style MPRAGE to the ABCD style vNav sequence.
Methods

Neuroimaging Data
All neuroimaging data used in this study were collected as part of the Healthy Brain Network (HBM) Project (Alexander et al. 2017 ) and were acquired on a Siemens Prisma Fit located at the Citigroup Biomedical Imaging Center (CBIC) at Weill Cornell Medicine. A total of 465 imaging sessions were analyzed. Of these 465 participants, 366 completed the full HBN protocol and are included in this study, with an age range of 5 to 21 years old (mean=11.3±3.6) which included 134 females and 331 males. The HBN protocol at CBIC includes two structural T1 weighted sequences, one based on the Human Connectome Project -YA (here referred to as the "MPRAGE" sequence), and another based on the ABCD study with prospective volumetric navigators (here referred to as the "vNav" sequence).
A subset of these participants (N=61) performed a test-retest protocol. As part of the protocol, these participants performed two MPRAGE structural scans and two vNav scans within the same imaging session. Specifically, one vNav (vNav1) and then one MPRAGE (MPRAGE1) sequence were performed at the beginning of the imaging session and the other two sequences were repeated at the end of the imaging session (MPRAGE2 and then vNav2). It was expected that there would be more head motion at the end of the imaging session. The test-retest group had an age range of 5 to 20 years old (mean=11.9±3.6) with 23 females and 38 males. The HBN protocol and timing of sequences are provided in Supplementary Tables 1 and 2. Imaging Parameters All imaging data reported in this study were collected on a Siemens Prisma Fit Scanner with a 32 channel head coil. The MR Protocol Guidance from the Human Connectome Project (Glasser et al. 2016 ) was followed to define the 3D MPRAGE HCP imaging sequence. For the structural sequences with prospective navigators (vNav), we used the protocol from the ABCD study (Casey et al. 2018 ). The imaging sequence protocol parameters used in this study are shown in Table 1 . Additionally, for vNav, we configured the sequence with a reacquisition threshold of 0.5 (see equation [3] in (Tisdall et al. 2012) ) and up to 24 TRs could be remeasured. The HCP sequence has a duration of 7 minutes and 19 seconds, while the vNav can take up to 7 minutes and 12 seconds to be acquired. During the structural runs the participants were shown the Inscapes movie (Vanderwal et al. 2015) , a video developed to improve compliance related to motion and wakefulness.
Quality Control
Six measures of quality control for the structural images were performed by using the Quality Assessment Protocol (QAP) toolbox (Zarrar et al. 2015) . Specifically for each subject and structural image, the Contrast to Noise Ratio (CNR, measures the mean of the gray matter intensity values minus the mean of the white matter intensity values divided by the standard deviation of the values outside the brain) (Magnotta, Friedman, and FIRST BIRN 2006) , the Signal to Noise Ratio (SNR, measures the mean intensity within the gray matter divided by the standard deviation of the values outside the brain) (Magnotta, Friedman, and FIRST BIRN 2006) , the Foreground to Background Energy Ratio (FBER, measures the variance of voxels inside the brain divided by the variance of voxels outside the brain), the Percent Artifact Voxels (Qi1, measures the proportion of voxels outside the brain with artifacts to the total number of voxels outside the brain) (Mortamet et al. 2009 ), the Smoothness of Voxels (FWHM, measures the full-width half maximum of the spatial distribution of the image intensity values in voxel units) (Magnotta, Friedman, and FIRST BIRN 2006) , and the Entropy Focus Criterion (EFC, measures the Shannon entropy of voxel intensities proportional to the maximum possible entropy for a similarly sized image; Indicates ghosting and head motion-induced blurring) (Atkinson et al. 1997) were calculated. For the CNR, SNR, and FBER, a higher score means a better image, while for the FWHM, Qi1, and EFC, a lower score is better.
Motion estimation
With the vNav pulse sequence, it is possible to obtain EPI navigators. These EPI volumes with relatively low resolution (8 mm x 8 mm x 8 mm) are used as navigators to estimate the head motion during the scan. At each TR an EPI volume is collected. The total number of volumes are acquired at each vNav sequence range from 143 to 168, depending on the number of TRs that need to be required based on subject motion (Tisdall et al. 2012) . A framewise displacement (FD) was calculated with these EPIs. The FD was then converted to FD per minute (FDpm) by:
where N is the number of TRs, TR is the repetition time in seconds, i is the volume, and FD(i-1,i) is the FD between two subsequent volumes.
With the MPRAGE sequence, we cannot directly estimate motion, hence we investigated if the average motion across all functional scans can be used as an estimate of how much a participant moves during a structural scan. Specifically, the FDpm for all functional MRI scans of the protocol were also calculated.
Structural Quantitative Measurements
We extracted morphometry measurements from the images using Mindboggle (Klein et al. 2017) .
For each Freesurfer label, measurements include volume, area, median travel and geodesic depth, and the median measurement of Freesurfer's cortical thickness, curvature, and convexity of the sulcus (Fischl 2012) . Geodesic depth is the shortest distance along the surface of the brain from the point to where the brain surface makes contact with the outer reference surface (Klein et al. 2017) , whereas travel depth is the shortest distance from a point to the outer reference surface without penetrating any surface (Giard et al. 2011; Klein et al. 2017) . Intraclass correlation coefficients (ICC) was used to calculate the reproducibility and test-retest reliability of these measures (Shrout and Fleiss 1979) . Reproducibility is measured between the different imaging sequence, MPRAGE, and vNav. Test-retest reliability is measured across different imaging runs for the same pulse sequence. The gray matter volume across different structural runs was measured with FSL's SIENAX package.
Intensity Bias Normalization Two T1 weighted images are generated when collecting vNav images, one without and one with intensity bias normalization. Both these images were tested for quality control. The image with the intensity bias correction is referred to as "vNavNorm", while "vNav" is without the correction.
Age-Related Changes
We estimated age-related changes to compare the two imaging sequences. Age-related curves were separated by sex and by the quantity of motion during the functional sequences.
Results
Quality Control Measurements
There were some slight key differences in image intensity ( Figure 1 ) and image quality ( Figure 2 ) when comparing the two sequences for the test-retest group. From Figure 1 it can be observed that there were large intensity inhomogeneities for the vNav images that were not normalized.
The vNavNorm images in the bottom row were the same images as the vNav in the middle row but with the intensity normalization applied. Through visual inspection of the structural images, we identified two participants, one with a low amount of motion (non-mover) and one with a high amount of motion (mover). For the participant data on the left (non-mover), visually, the data quality appears to be of excellent quality. This subject has a low amount of motion during the data collection of the vNav sequence (FDpm =6.04). For the functional scans of the protocol, the same participant has a low FDpm=7.24. The images on the right represent a participant with a large amount of motion for the MPRAGE and vNav sequence. Even though there was a large amount of head motion during the acquisition in the vNav sequence (FDminute = 62.2), the quality of the T1's is still acceptable. That is not the case for the MPRAGE images, where the ringing artifacts are strikingly pronounced. Figure 1 . T1 structural images for the two sequences MPRAGE and vNav. The top row shows the MPRAGE sequence, while the middle and bottom rows show the two images that were generated from the vNav sequence, one without (vNav) and one with (vNavNorm) intensity normalization applied. Columns represent two different participants, one with minimal head motion (left) and another with a large quantity of motion (right). Figure 2 shows the quality control metrics from QAP for the 366 participants. Quality control metrics for the test-retest group are shown in Supplementary Figure S1 . One-way repeated measures ANOVAs were calculated to compare the metrics across the three structural scans for each QAP measure. Results were significant (p<0.05) for all measures. Results from follow up paired t-tests are shown in Table 2 . When comparing vNav and vNavNorm, vNavNorm was significantly better (p<0.05) in SNR and FBER, which are metrics that compare the signal within the brain versus the signal outside the brain. For CNR, the score for vNav was higher (p<0.05) then vNavNorm. VNav was also better then vNavNorm for QI1, FWHM and EFC (lower score is better). However, given that CNR, SNR, and FBER are the quality control measures of most importance, and by visual inspection (Figure 1) , the remaining results presented in this manuscript will only be with the intensity normalized images (vNavNorm). When comparing MPRAGE and vNavNorm, vNavNorm had a better score for CNR. - 
Gray Matter Volume
For the test-retest group, we calculated the absolute difference between the gray matter volume measured through MindBoggle and SIENAX (Figure 3 ). Pairwise comparisons were made for each imaging run, MPRAGE 1 and 2, and vNavNorm 1 and 2. The comparison between vNavNorm1 and vNavNorm2 in gray matter volume presented the smallest difference in gray matter volume for results from both toolboxes. When examining the results for MPRAGE1, the difference in gray matter volume for vNavNorm1 and vNavNorm2 was smaller than for the MPRAGE1 and MPRAGE2 pair. This result was possibly due to the higher motion in the MPRAGE2 run since it was collected at the end of the session when there tends to be a higher incidence of participant head motion (see section below on motion estimation). Importantly, the vNavNorm2 sequence was collected after the MPRAGE2 sequence. These results indicate that the prospective motion correction sequence is robust for measuring gray matter volume, and does not depend on when the structural sequence is performed within the session.
The absolute difference in gray matter volume within the test-retest group. Gray matter was measured using MindBoggle and SIENAX.
Motion Estimation
Since head motion cannot be directly estimated for the MPRAGE sequence, we tested if there was another means to estimate head motion during this structural scan. With the test-retest group, we calculated the FDpm for the vNav and functional sequences across the HBN full protocol. The mean FDpm across the functional runs was also calculated (See Supplementary Tables S1 and  S2 and Alexander (Alexander et al. 2017 ) for details on the full imaging session.). We then calculated the pairwise correlation between each run and the average FDpm (Figure 4 ) and assessed order effects (since scans collected closer together in time should have more similar motion values). The runs are organized in the order that there were collected (Top to bottom and left to right). Runs that were adjacent to each other showed higher correlations relative to runs that were distant in time. For example, rest1 has a much higher correlation with peer1 (r=0.68) which are sequences collected one immediately after the other, than it did to movieTP (r=0.38) which occurred at the very end of the scanning session and thus farthest away in time from rest1. The exception to this order effect was rest1 and rest2, which were separated in time, with a correlation of r=0.79. Nonetheless, the average FDpm of the functional runs did show a high correlation with all the runs, with scores ranging from r=[0.54, 0.83]. The correlation scores with the two structural vNav runs were r=0.54 and r=0.63 for vNav1 and vNav2, respectively, even though they were not included in the calculation of the mean FDpm. Hence, the average FDpm of the functional runs seemed to be a good unbiased estimator of how much a participant moved during the MPRAGE structural runs. On the leftmost column of Figure 4 , the average FPpm is shown. As can be seen, there was a slight tendency for the motion to increase as the session went on. There were two runs that were repeated at the beginning and at the end of the run, vNav1-2, and peer1-3 3 . For the vNav runs, there was an increase in average FDpm from 7.51mm/min to 14.61, for vNav1 and vNav2 respectively. A large increase in motion also occurs for the peer runs, from 10.49 in peer1 to 17.09 in peer3. An exception was MovieTP, which was a short animated and engaging movie, which could have been the reason for lower head motion during that run. 
Mindboggle measurements
Results for the test-retest reliability and reproducibility for the Mindboggle measurements are shown in Figure 5 . ICC results are shown for each of Freesurfer 62 cortical regions and for the following measurements, (1) area, (2) Freesurfer median cortical thickness, (3) travel depth, (4) geodesic distance, (5) curvature, and (6) convexity. The first row shows results for all subjects. Subjects were then divided into two groups, through a median split of the average FDpm of the functional scans. What is most noticeable for the test-retest reliability results is that for the vNavNorm images, the ICC was not as sensitive to motion as the MPRAGE images. Another noticeable result was that for the low motion subjects, the ICC is higher for the MPRAGE1 x vNavNorm1 pair then the MPRAGE1 x MPRAGE2 pair. Again, this is possibly due to the higher motion in the MPRAGE2 runs, even though these were the subjects with lower motion estimation scores.
. Test-retest reliability and reproducibility ICC results for Mindboggle measurements within each of Freesurfer 62 cortical regions. Measurements tested were (1) area, (2) Freesurfer median cortical thickness, (3) travel depth, (4) geodesic distance, (5) curvature, and (6) convexity.
Histogram plots of the area, volume, and Freesurfer median cortical thickness across all brain regions are shown in Figure 6 . As can be seen in the histogram, the pair vNavNorm1 x vNavNorm2 outperformed in all other pairs (green line). The pair MPRAGE1 x vNavNorm1 typically showed the second best performance. The decrease in ICC scores between the lowmotion and high-motion subjects for any pair that contains the MPRAGE2 run is highly noticeable, especially for Area. Again, this was presumably affected by the increase in motion at the end of the scan. ICC of Cortical Thickness was smaller for all pairs when compared to the ICC of Area and Volume. This shows how sensitive the measurement of Cortical Thickness is on the head motion. This results is unanticipated considering that the MPRAGE has a voxel resolution almost twice as of the vNav sequence. (voxel volume is 0.513mm 3 for MPRAGE and 1.0mm 3 for vNav).
. Histogram plots of ICC for the test-retest group that performed two MPRAGE scans and two vNav scans within the same session. ICC is calculated for Area, Volume and Cortical Thickness. Figure 7 shows development curves for Total Volume, Gray and White Matter Volume, and Ventricle Volume for male and female participants. A smaller subset of subjects (N=319) was used to calculate the development curves since there were not enough subjects older than 16 to obtain a good estimate. Hence, development curves are shown for ages 6 to 16. Black dots represent volumes calculated with the MPRAGE sequence while red dots represent the vNav sequence. For each sequence, a quadratic curve was fit for estimating development growth. As can be observed, the graphs are similar for both imaging sequences. With a median split, participants were grouped by low and high motion. Even for the subjects with large motion, the development curves are similar, just deviating a bit at the higher ages for the female group. This is possibly due to the low amount of female subjects that are older with a higher amount of motion.
Age-Related Measures
In Supplementary Figures S2 and S3 , development curves are shown for cortical thickness measurements for males and females, respectively.
. Black dots and lines (with 95% confidence intervals) are developmental measures for the MPRAGE sequence, while the red dots and lines are for the vNav sequence.
Discussion
Choosing the optimal pulse sequences for a study is always a challenging task for a neuroimaging researcher. Since its development in 1992 (Brant-Zawadzki, Gillan, and Nitz 1992) , MPRAGE has been the pulse sequence of choice by researchers collecting T1 structural scans. This sequence, or similar sequences from other manufacturers, has been widely adopted for studies with large or small sample sizes. However, as all MRI sequences, it is susceptible to head motion which can significantly alter the quality of the morphometry measurements (Reuter et al. 2015; Pardoe, Kucharsky Hiess, and Kuzniecky 2016; Alexander-Bloch et al. 2016) . More recently, the vNav sequence and its derivative vNavNorm have been shown to be more robust to head motion (Tisdall et al. 2016 ). This new pulse sequence is has the potential to be ideal for studies involving populations that tend to have more head motion, such as children or patients with movement disorders.
In this study, we directly compared MPRAGE and vNav pulse sequences, through a variety of morphometric measurements and quality control indexes.
Regarding quality control measures, the MPRAGE image is superior to vNavNorm in 5 of the 6 quality control indexes. These scores are possibly due to the higher resolution of the MPRAGE sequences. The only exception is CNR, for which vNavNorm has better scores. CNR is essential for programs that are implementing automatic segmentation algorithms. This better score in CNR might help explain why the vNavNorm is showing better reliability scores.
Compared to other studies, we tested the vNav sequence in a "real world" scenario, where we were not explicitly asking the subjects to move or maintain still during the acquisition of the structural images (Tisdall et al. 2016) . With the test-retest group, we have shown that the highest reliability across several morphometric measurements is between the two vNav runs. This is confirmed through the higher ICC scores and smaller difference between gray matter volume. In contrast, the lowest ICC scores are typically between the two MPRAGE runs. This is due to the higher motion of the second MPRAGE (MPRAGE2) run, which is collected towards the end of the session where participants typically move their head more. However, as can be seen in Supplementary Table S1 , vNavNorm2 is collected after MPRAGE2 where even more motion should be present. But still, the reliability of the vNav sequence is not affected, showing the robustness to motion of the sequence with the prospective motion correction with volumetric navigators. This is due not only to the adaptation of the gradients to motion, but the recollection of TRs with large motion. Typically, the ICC scores that include the MPRAGE2 sequence are the lowest.
By observing ICC scores in Figure 6 , it is clear that the reproducibility between MPRAGE1 and vNavNorm1 is high, with an average ICC score above 0.8 for Area and Volume and above 0.6 for cortical thickness. Those ICC scores were only lower than the ICC scores between two vNavNorm sequences which indicates reliability. Even though the voxel size in the MPRAGE and vNavNorm are different (0.8x0.8x0.8mm 3 vs 1.0x1.0x1.0mm 3 ), there is still high reproducibility between the sequences. The results obtained in this study corroborate that the MPRAGE and vNav sequences are equivalent, i.e, morphometric results obtained with the MPRAGE sequence should be replicated with the vNav sequences, with an advantage of that vNav sequences are more robust to head motion.
The last set of tests that we performed was comparing development trajectories of the total brain, white matter, gray matter, and ventricle volumes between the two sequences. Within the full set of subjects and with the low motion subject, the trajectories are very similar. There is some larger deviation in trajectories for the participants with higher motion, but only for the subjects with higher age. This is possibly due to the lower number of subjects with high motion in the larger age group, hence larger error in trajectories. These results reinforce the idea that both sequences are comparable and that switching from the MPRAGE sequence to the vNav sequence will not compromise your results.
The only downside that we can observe for adopting the vNav sequence is the potential increase in acquisition time. However, this increase in acquisition time is mostly due to the repetition of TRs that surpass a motion threshold. If you are studying a population with high motion, on average this is actually a reduction in session time, since you have to repeat a full acquisition much fewer times. In our HBN initiative with children, we have adopted a maximum repeat of 24 TRs. If time is of the essence and the study is with a low moving population, the maximum number of repeated TRs can be reduced.
This study is limited in the sense that we do not have a direct measurement for motion during the MPRAGE sequence. However, we have attempted to estimate the motion by using the average motion across the functional runs. We have also not performed any rigorous visual inspection (Iscan et al. 2015) or post-processing quality control on segmentation measurements (Ducharme et al. 2016 ). We did not want to discard any data due to poor image quality, hence directly comparing the two sequences. As can be seen in Figure 1 , though a visual inspection for the high motion participant, we would probably discard the MPRAGE image but not the vNav image. Another limitation of this study is that the voxel size of the sequences that we are testing have different voxel sizes. However, the objective of this paper is to compare two T1-weighted MRI sequences that are used by a broad amount of researchers and by large imaging studies, such as the ABCD study and HCP.
Conclusions
Our results indicate that researchers should adopt the vNav sequence in their new studies, especially if there are studying populations with high levels of head motion. Morphometric results obtained from the vNav sequences are comparable to MPRAGE with low motion and better than MPRAGE with high motion.. T1s obtained with volumetric navigators show much higher reliability compared to the MPRAGE sequence. Time in between the end of HCP1 and start of HCP2 sequences is 39 minutes Time in between the end of vNav1 and start of vNav2 sequences is 53 minutes
The time between the start of vNav1 and vNav2 is at least 1:00:30 Time between the start of HCP1 and HCP2 is at least 0:45:49 Time between the start of vNav1 and HCP2 is at least 0:53:11 Time between HCP1 and vNav2 0:53:18
